In order to investigate the effects of substitution of fish meal with fresh and dried housefly larvae (Musca domestica L) on
INTRODUCTION
High cost of feedstuffs used in poultry nutrition, mostly imported ones, poses a serious problem to modern poultry farming that has to be solved in order to ensure in the future alternative feedstuffs as protein sources, that, at the same time, should qualitatively satisfy poultry needs and would cost less than the imported ones. One such possibility is the use of housefly larvae (Musca domestica L). Controlled rearing of houseflies implies processing of fresh manure wastes from poultry and pig farms, while using different developmental stages of the housefly (Musca domestica L). Biohumus and housefly larvae (in the form of biomass) are obtained as an end product of this procedure. The majority of the available references stress ecological advances of such a technological procedure, biohumus being a quality organic fertilizer (Calvert et al., 1969 (Calvert et al., , 1970 . Only few researches point to the possibility of using housefly larvae in animal nutrition, especially that of poultry and fish.
Chemical analyses showed that dehydrated housefly larvae contained 60% crude protein and 20% crude fat; the aminoacid content of proteins being similar to that of fish meal (Inaoka et al., 1999) . Awoniyi et al. (2003) reported that HLM contains 92.6% dry matter, 55.1% crude protein, 20.7 % crude fat, 10.4% ash and 6.3% cellulose.
Previous investigations have shown that housefly larvae, in the fresh form and in meal form, can substitute fish meal in broiler diets; this replacement resulting in optimal productive performance, without any harmful impact on broilers' health (Luo, 1989; Cohle et al., 2001; Cockerum, 2001 , Fasakin et al., 2003 . Awoniyi et al. (1999 Awoniyi et al. ( , 2003 Awoniyi et al. ( , 2004 and Atteh (1993 Atteh ( , 1994 ) performed experiments with three-week old animals. The broilers were fed diets where 25%, 50%, 75% or 100% of fish meal had been substituted with HLM. This HLM contained 55.1% protein and 20.7% fat.The obtained results showed that, during the first six weeks, the experimental animals exhibited no differences in body mass, feed consumption and feed conversion; whereas, during the period from the sixth until the ninth week of the experiment, the same monitored parameters were under the influence of the applied treatments.
All this prompted us to undertake an investigation of the quality of housefly larvae (Musca domestica L) as a possible source of proteins, as well as their impact on productive performance and health state of broilers.
MATERIAL AND METHODS
The experiment comprised 200 Hybro-G broilers, aged 1-42 days. One-day old chicks were divided into four groups: the control group (C), fed a standard diet; the first experimental group (0-I), fed a diet in which 50% of fish meal had been substituted with HLM; the second experimental group (0-II), fed a diet in which 100% of fish meal had been substituted with HLM, and the third experimental group (0-III) fed a diet with no fish meal, but supplemented with washed fresh housefly larvae placed in special feeders. All the groups were fed ad libitum. Each group consisted of 50 broilers, with the same number of females and males, and of standardized body mass (40.55 ±0.34 g).
The experiment lasted 42 days, and was conducted in three phases: the first phase (days 1-21), the second phase (days [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] , and the third phase (days 36-42). After the termination of each experimental phase the following parameters were checked: body mass, weight gain, feed consumption and food conversion. The animals' health and mortality rate were monitored throughout the experiment.
Housefly larvae were produced under controlled conditions, on fresh poultry manure derived from the hen layers farm in Batajnica, small village near Belgrade. Prior to the experiment, all fresh larvae were washed for 15 min (40 o C) with warm, microbiologically and hygienically safe water. The washed larvae were then dried according to the method of Fasakin (2003) .
The chemical composition of fresh and dehydrated housefly larvae, and of fish meal, was assessed using the standard methods (AOAC, 2002) and is presented in Table 1 . Control -C; 4 First experimental group -0-I; 5 Second experimental group -0-II; 6 Third experimental group -0-III The results are expressed as a mean ±SD. One-way analysis of variance (ANOVA) was applied for differences between groups of broilers. When the ANOVA results were significant, Tukey HSD-test was used to determine the level of significance. All computations were performed using the statistical software package VassarStats (Lowry Richard, 1998 -2007 , Vassar College, US).
RESULTS
Productive performance is presented in Tables 4, 5, 6 and 7. Table 4 contains the results which refer to the body mass of broilers. The highest body mass, at the end of the experiment, was measured in the group fed diets without fish meal, but supplemented with fresh larvae in special feeders (0-III), reaching 1734.29±197.40 g. This value was significantly different (p<0.01) from the lowest body mass of 1597.08±194.98 g. in broilers fed diets in which 50% of fish meal had been supplemented with HLM (0-I). The Table shows statistically significant differences between groups per experimental phase. Table 5 shows the broilers' growth gain. The highest growth gain is achieved in the group fed diets without fish meal, but supplemented with fresh larvae in special feeders (0-III), being 40.33±4.69 g. The lowest growth gain was ascertained in the group fed diets in which 50% of fish meal had been supplemented with HLM (0-I), being 37.06±4.63 g. At the end of the experiment (Day 42) there was a statistically significant difference between the highest and lowest growth gain values. Table 6 contains the results relative to the mean daily feed intake. The highest value of 75.71 g was noticed in the broilers fed diets without fish meal, but supplemented with fresh housefly larvae in special feeders (0-III). The lowest value of the mean daily feed consumption of 68.66 g. was observed in broilers fed diets in which 50% of fish meal had been substituted with HLM (0-I). The third group of broilers (0-III), during the period from Day 1 to Day 35 of the experiment, Table 7 contains the results which refer to food conversion. The best conversion, leaving out consumption of fresh larvae, was ascertained in the group fed diets in which 50% of fish meal had been substituted with HLM (0-I), being 1850.0 g.
The mortality rate of broilers during the experiment remained within technological standards for Hybro G broilers (Hybro, 1997). The highest mortality rate, at the end of the experiment, was reported in the broilers fed diets in which 50% of fish meal had been substituted with HLM (0-I), and in the broilers fed diets in which 100% of fish meal had been substituted with HLM (0-I), being 4%; whereas, the mortality rate in the control group (C), fed diets with no fish meal, but supplemented with fresh housefly larvae in special feeders (0-III), was 2%. The chemical composition, i.e. the nutritive value, represents the basic parameter that can point to the utilization level of some feedstuff in animal nutrition. The chemical composition of fresh housefly larvae is characterized by a high water content, relatively high protein content and low contents of the remaining feed ingredients. The obtained results of the chemical analysis of fresh larvae are mostly consistent with the data of Chana et al. (1999) , who established that DM in fresh housefly larvae contained 56.5% crude protein. However, there is a marked difference between our results and those of the afore mentioned authors with regard to fat content. The fat content of fresh larvae in our experiment is lower (4.05%) than the content reported by other authors (17.2-20.0%). According to Atteh and Ologbenia (1993) , the fat and proteins contents in fresh larvae are dependent on the larval stage; the protein content decreasing and the fat content increasing with the approach of the pupal stage.
The available literature contains abundant data with regard to the nutritive value of HLM, as, in such a form, larvae are more suitable for industrial production of mixes. The obtained results refering to the protein content in dehydrated HLM As for the fat content, during our experiment, we observed that fresh housefly larvae (4.05%) and dried housefly larvae (6.66%) had approximately the same fat content in dehydrated meal in comparison to the results of Fasakin et al. (2003) , who reported that the fat content in dehydrated meal ranged from 6.28% to 13.65%, depending on the applied technological procedure.
The relation and quantity of individual feedstuffs in diets intended for feeding experimental broilers are formulated in the standard way. The results of the analyses of the chemical composition of the diets fed to the control group show that they, throughout the experiment, satisfied the technological standards for Hybro G broilers (Hybro,1997), i.e. the content of ingredients was consistent with the broilers' requirements in different feeding phases (NRC, 1994) . The chemical composition and the amino acid content of diets intended for broilers of the experimental groups (0-I and 0-II), where the isoprotein substitution of fish meal with HLM has been made, did not differ from the chemical composition of the diets for the control group (C). As for the third group (0-III), somewhat lower contents of protein and amino acids are noticeable, as these diets did not contain either fish meal or HLM, and housefly larvae were supplied in a fresh form, ad libitum, in special feeders. In conclusion, the chemical composition of mixes in our experiment was such that, on one hand, it satisfied broilers' requirements, and, on the other hand, was consistent with the requirements planned prior to the beginning of the experiment.
The body mass of broilers in all experimental groups was standardized at the beginning of the experiment, numerical differences being not significant. Compared to body mass, the daily weight gain is a more reliable indicator of feed quality. Viewed as a whole, with the replacement of fish meal with HLM, almost identical weight gain is achieved as in the case of fish meal-based diets; the result being consistent with the findings reported by the majority of authors (Atteh, 1993 (Atteh, ,1994 Awoniyi et al., 1999 Awoniyi et al., , 2003 Awoniyi et al., , 2004 Inaoka, 1999; Teguia, 2002) . However, the supplement of fresh housefly larvae to diets without fish meal has positive effects on the monitored parameters.
The use of diets where fish meal was substituted with HLM, as well as the use of diets without fish meal, but supplemented with fresh housefly larvae in special feeders, had no special effects on feed intake.The results obtained for the consumption of diets where fish meal had been substituted with dehydrated HLM (Musca domestica L) are identical to the results of other authors (Atteh, 1993 (Atteh, , 1994 Awoniyi et al., 1999 Awoniyi et al., , 2003 Awoniyi et al., , 2004 Inaoka, 1999; Teguia, 2002) , which proves that the performed substitution has no adverse effect on broilers' feed intake, i.e it is possible to substitute fish meal with HLM, if economically justifiable. It has to be stressed that the 0-III group had the highest feed intake. The broilers of the experimental groups willingly consumed the offered diets and fresh larvae from special feeders. Data on similar experiments (Cilevski, 1994) show that broilers willingly consume fresh housefly larvae, this probably has to do with their physiological and biological characteristics as birds.
Food conversion, as an interaction of weight gain and food consumption, is obviously the best indicator of feed quality and its possibility to satisfy specific needs of young growing animals.The food conversion in the broilers' control group (C), fed standard diets, remained within limits of the expected technological standards for Hybro G broilers (Hybro, 1997). The substitution of fish meal with dehydrated HLM, too, has no negative effects on food conversion in 0-I, 0-II and 0-III experimental groups, which points that it is possible to substitute fish meal with fresh dried housefly larvae (Musca domestica L). Similar conclusions are reported by Teguia (2002) and Awoniyi et al. (2003) . CONCLUSION On the basis of the obtained results for the performed experiment, the following conclusions can be reached:
The chemical composition of fresh housefly larvae shows a high water content (79.02), a relatively high protein content (59.10 in DM), and a small amount of other ingredients.
HLM is characterized by high protein content (59.48% DM), with satisfactory contents of lysine, methionine and cystine, and a low fat content (6.66% DM). The nutritive value of HLM is somewhat lower than that of fish meal (67.39% DM).
The productive performance of the broilers fed diets with isoprotein substitution of fish meal with HLM was satisfactory.
Broilers willingly ingested fresh housefly larvae (Musca domestica L), and having in mind their high amino acid content, there is a justifiable possibility to use them in the nutrition of broilers reared under organic farming conditions.
In conclusion, the applied treatments did not have a negative impact on productive performance or health status of broilers, thus offering a real opportunity of replacing fish meal with fresh and dehydrated housefly larvae produced under controlled conditions.
